Abstract. Inquiry-based science teaching (IBST) can be realized with a help of different educational technologies. An educational project carried out at Lithuanian University of Educational Sciences used a framework of cross-curricular (biology, chemistry and physics) learning content, learning concepts (learning through cooperation, PBL) and learning method (a nine phase cycle of project activities with self-evaluation at the end of each phase). A case study of application of cross-curricular relationships while teaching pre-service science (biology, chemistry and physics) teachers at Lithuanian University of Educational Sciences was carried out. Quantitative and qualitative methods were used, together with observation of activities of 120 respondents (pre-service teachers) in learning through cooperation. The results revealed that PBL based on cross-curricular content provided suitable conditions for reaching higher levels of problem solving abilities.
Introduction
The development of society in the 21 st century requires a new creative class. Creativity is an important feature of society, and is disclosed through the generation of new ideas, adaptation to changing situations, and solutions to problems (EC, 2010) . Problems can be solved while working individually or in groups. The ability to create new intellectual products while working in cooperation is important in the creative society (Florida & Tinagli, 2004) . Labour market experts, managers of human resources, and vocational education and training experts find these abilities to be essential. A 2010 Euro barometer survey of 31 European countries showed that 67% of leaders in the business and public sectors highly valued employees' team working abilities, whilst these employers also thought that analytical skills, problem solving and adaptation to new situations were important.
There are still, however, significant obstacles to the measurement of collaborative tasks within large-scale international surveys such as PISA (Reeff, Zabal & Blech, 2006) . The PISA results suggest that it is necessary to pay attention to problem solving abilities, as, on average in OECD countries, half the students were unable to solve anything other than basic problems (PISA, 2003; 2012) .
In inquiry-based science teaching (IBST), a teacher begins not with a statement but with a problem. PBL is an effective method of instruction in many areas, and employs open-ended questions that are not limited to a single correct answer. Questions elicit diverse ideas and opinions, and require students to work as a group (Kim, Hannafin & Bryan, 2007; Zion, 2008) .
IBST engages students in authentic and problem based learning activities where there may not be a correct answer. Cross-curricular problems often involve multiple goals, which are in conflict amongst each other, as progress towards one may detract from progress towards the other(s). Learning through cooperation can help in solving cross-curricular problems. Elaboration and weighing of priorities is required for the problem solver to achieve a balance between the goals (Blech & Funke, 2010; Brown, Harris & Russell, 2010) . Cross-curricular problems are frequently ill-defined (Mayer & Wittrock, 2006) .
The use of PBL based on cross-curricular content requires the shift of knowledge from one subject to another in each cross-curricular teaching situation (horizontal shift). This shift provides a new character, creates problem situations, and encourages the acquisition of new information or reveals new aspects of the knowledge acquired (Funke, 1991; Edelson, 2001) .
Solving cross-curricular problems also creates favourable conditions for the improvement of general, subject and cross-curricular abilities. Problem solving as cognitive processing is directed at transforming a given situation into a goaloriented situation where no obvious solution is available (Mayer, 2006) . These generic abilities are best developed when they are drawn on intentionally, but they should not be taught in isolation from any program content. They are a joint responsibility and require shared planning so that all of them receive sufficient attention (Barnes, 2011; PISA, 2012) .
The evaluation and self-evaluation are important parts of PBL. Many researchers have investigated the evaluation of problem solving abilities (Blench & Funke, 2010; Greiff & Funke, 2008; Leutner, Klieme, Meyer, & Wirth, 2004; Osman, 2010) . However, there is a lack of research about the role of evaluation and self-evaluation in PBL (Scott, 2014) .
Learning through cooperation, problem based learning and use of crosscurricular relationships are common, but insights into the application of these models in educational practice, especially while training pre-service teachers, are still lacking.
The mentioned aspects of problem based learning have led to the problems: what are cross-curricular problem solving abilities of pre-service teachers? How does learning through cooperation influence cross-curricular problem solving abilities?
The objectives: to disclose the cross-curricular problem solving abilities of pre-service science teachers and to reveal the role of collaboration in the promotion of problem solving abilities.
Theoretical background
Constructivism provides a methodological background of IBST that can be realized by using different learning practices, such as discovery learning (Anthony, 1973) , problem based learning (PBL) (Schmidt, 1983) , inquiry learning (Papert, 1980) , experiential learning (Boud, Keogh & Walker, 1985) or constructivist learning (Steffe & Gale, 1995) These practices are based on constructivism (Kirschner, Sweller & Clark, 2006) , who suggest that learning based on constructivism can be called both problem-based learning and inquirybased learning.
The theoretical background of PBL can be found in the pragmatism philosophy of J. Dewey at the beginning of the 20 th century. In his books Experience and Nature (Dewey, 1925) and The Quest for Certainty (Dewey, 1929) , J. Dewey rejected the theory of cognition which holds that a person is an observer of the world. According to him, the person fights for survival while solving problems. K. Duncker (1945) tried to describe problem situations by saying that a problem exists when a person has a goal but does not know how to achieve it. P. Frensch and J. Funke (1995) created a model of the problem situation (Fig. 1) . According to the model, the 'given' is the knowledge that a person has about the problem. The 'operators' are the admissible actions that can be performed to achieve the desired goal state (outcomes) with the assistance of the available tools. It is necessary to overcome barriers between experience acquired and new cognition in every problem situation. Frensch & Funke, 1995) We supplemented the model of P. Frensch and J. Funke (1995) and adjusted it to PBL in our activities (Fig. 2) . The givens are composed of the content of physics, chemistry and biology, while the goal consists of general (communication, ability to learn, and cognition), subject and cross-curricular abilities. The group of operators and tools consists of two subsets: curriculum and social operators.
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Fig. 2. Learning model based on cross-curricular content applied at Lithuanian University of Educational Sciences
Cross-curricular content determines social interaction (Fig. 2 ). Crosscurricular links among the content of different disciplines have a subjective character. The search for cross-curricular relationships is an active process in which individual students can interpret connections between facts, and can find specific relationships between the content of biology, chemistry and physics. This diversity of links is easily disclosed when the same project is implemented in a group of students studying different science programs. The diversity of cross-curricular relationships therefore enhances aspects of learning through cooperation, including the ability to achieve a single solution, and the ability to choose similar models of cross-curricular relationships and problem solving scenarios.
Cross-curricular educators, however, have little information about how to implement problem-based learning in classrooms where multiple disciplines are represented (Keebaugh, Darrow, Tan & Jamerson, 2009 ). Gaps in knowledge may be filled by observation and exploration of the problem situation. This often involves interaction with a new system to discover rules that in turn must be applied to solve the problem.
Methodology
Method of research. A case study of application of cross-curricular relationships while teaching pre-service science (biology, chemistry and physics) teachers at Lithuanian University of Educational Sciences was carried out. Quantitative (questionnaires) and qualitative (semi-structured interview) methods were used together of activities of the pre-service teachers in learning through cooperation.
A project carried out at Lithuanian University of Educational Sciences combined learning content (cross-curricular content [biology, chemistry and physics]), learning concepts (learning through cooperation, PBL) and a learning method proposed by Foldevi (1995) . According to the method, the learning cycle is composed of nine phases: 1) Creating scenarios for a problem situation; 2) Creation of a group plan; 3) Formulation of a hypothesis for finding a solution to the problem; 4) Brain storming; 5) Definition of the problem; 6) Formulation of learning tasks; 7) Deepening one's knowledge; 8) Discussions and careful research of knowledge; 9) Application of knowledge in practice. The self-evaluation of abilities is performed at the end of each learning phase.
We extended M. Foldevi's method by applying it not just to students of a single subject but also to cross-curricular content of different science subjects (biology, chemistry and physics). In order to provide favourable conditions for learning through cooperation, the time schedule of subject didactics seminars for pre-service teachers studying different subject programs was synchronised. Heterogenous groups studying different science subjects were formed. They implemented one cross-curricular project in two seminars (four hours in all) on subject didactics. They also worked independently (for three hours) between the two seminars.
Each group worked exclusively on cross-curricular problems within shortterm projects. They had to create models of cross-curricular relationships, predict possible links and suggest methods for their analysis during lectures. For example, they had to present the theme "Atmosphere: its physical and chemical aspects". From the point of view of chemistry, it was important to disclose the structure of atmosphere, the formation of oxygen and oxidation of metals. From the point of view of biology and physics, pre-service teachers had to disclose the importance of oxygen to life (photosynthesis, respiration, etc.), as well as the formation of atmosphere and its layers, etc.
IBST is characterized by a variety of levels. We referred to the theory of H. Banchi & R. Bell (2008) when deciding how to teach pre-service teachers. The highest level (open inquiry) is reached when learners identify a problem, methods for its solution, and explanations for the cross-curricular phenomena themselves. Therefore, the method proposed by M. Foldevi corresponds to open inquiry, as its six phases are devoted to the search for solutions to problems.
The instrument of quantitative research. We used the PISA (2012 instruments) for the evaluation of problem solving abilities. They are reliable and valid.
The sample of quantitative research. The respondents were 120 pre-service science teachers, comprising two thirds of third and fourth year science students studying at Lithuanian University of Educational Sciences.
The sample of qualitative research. A semi-structured interview, based on methodology PISA (2012) revealed the attitude of pre-services teachers towards the PBL. The sample of the qualitative research was purposive modal instance sampling (Patton, 2002) . A qualitative study was conducted with 40 pre-services teachers.
Results
The results of qualitative analysis
We used the methodology of the PISA (2012) field trial problem-solving framework in order to assess the attitudes of pre-service teachers towards problem solving abilities and their self-evaluation. The methodology describes levels and criteria for problem solving abilities. At least four levels of proficiency can be identified in showing how problem-solving abilities grows and develops (PISA, 2012) . We used these levels to highlight differences between strong and weak problem solving abilities (Table 1) . Levels of problem solving abilities are defined according to these activities are planning and execution of solutions, understanding and relating information, dealing with situations, and handling unanticipated obstacles (Table 1) .
According to PISA (2012), problem-solving abilities depend on the content of a particular activity, e.g. planning and execution of solutions that involve a relatively high number of steps (high ability criteria), and planning and execution of solutions that involve only a few steps and simple reasoning (low ability).
The answers of the pre-service science teachers revealed that PBL based on cross-curricular content provided suitable conditions for reaching higher levels In summary, PBL on the basis of cross-curricular content creates suitable conditions for the improvement of problem solving abilities, as cross-curricular content involves a relatively high number of steps, promotes the processes of dealing with situations involving many variables, and helps in discovering undisclosed information.
The answers of the pre-service teachers disclosed that solving of crosscurricular problems through learning in cooperation made the self-evaluation of activities complicated. It was obvious that the pre-service science teachers knew the contents of their own individual subject (biology, chemistry or physics), but that they lacked broader understanding of other science subjects. For example, a student studying physics at university level lacks knowledge regarding chemistry and biology. Therefore, only cooperative work with other students can overcome that problem and the implementation of cross-curricular projects becomes possible.
The results of quantitative analysis
The construct validity of our quantitative research was ensured by the use of the PISA field trial problem-solving framework (PISA, 2012) . Construct validity requires the use of the correct measures for the concepts being studied. Problem solving abilities were our main concept, made up of exploring and understanding, representing and formulating, planning and executing, monitoring and reflecting. These abilities are formed at different phases in the Foldevi's methodology (Table 2) .
According to the PISA (2012) criteria for problem solving evaluation, the pre-service science teachers self-evaluated their own abilities, as well as problem solving abilities of other members working in the same group.
We distinguished two stages of self-evaluation. The first stage was performed after finishing a short-term cross-curricular project, while the second was carried out at the end of the didactics course, with all short-term projects already finished. The student teachers evaluated problem solving abilities in cross-curricular projects by using a three-grade scale: "excellent", "well", and "weakly". The same scale of evaluation was applied at the beginning and end of the project (Table 3) . The first study was performed at the end of the first half of the year. It was revealed that participants self-evaluated planning, executing, and representing as their best abilities, while formulating, reflecting, monitoring, and exploring were self-evaluated as somewhat worse. Rating of monitoring and reflecting abilities as "excellent" improved after the second half of the year. This qualitative conclusion was checked quantitative with the help of Freedman test for dependent samples. The differences in the evaluation abilities of problem solving and other problem solving abilities (representing, planning and executing) were statistically significant (Table 4) . The results did not support positive changes to self-evaluation scores of monitoring and reflecting abilities after the second half of the year. We might assume that longer projects were necessary but there may be other reasons. The results of the quantitative study showed that only one third (29.2 %) of the respondents ranked their ability to formulate hypotheses, and organise and critically evaluate information as excellent, whilst a much higher percentage (67.5 %) of the respondents ranked their planning abilities as excellent.
Self-evaluation of cross-curricular problem solving was, therefore, an intricate and complex task: "Self-evaluation of cross-curricular projects is possible only while working in a group of students studying different science subjects. It is necessary to discuss and help each other in order to achieve common agreement on evaluation". Learning through cooperation facilitated the self-evaluation of problem solving by pre-service teachers studying different science subjects. Individual self-evaluation of cross-curricular problem solving was not an easy task as participants lacked appropriate knowledge of other science subjects.
Conclusions
1. Problem solving as cognitive processing is directed at transforming a given situation into a goal-oriented situation. Cross-curricular problems often involve multiple goals and seeking to achieve them makes favourable conditions for the application of knowledge in new situations. The shift of knowledge from one subject to another changes the character of activities, and encourages the acquisition of new information or discovering new aspects of knowledge already acquired. Solving cross-curricular problems encourages the application of the main elements of IBST: problem solving (scientific inquiry), 'hands-on' activities, customized learning, argumentation scaffolding, and metacognitive scaffolding. 2. PBL, when based on cross-curricular content, creates suitable conditions for reaching higher levels of problem solving abilities: planning and executing solutions that involve a relatively high number of steps; understanding information through a variety of familiar or unfamiliar representations; dealing with situations that involve many variables and/or where there is high dependency between variables; handling unanticipated obstacles. 3. Finding solution to cross-curricular problems is a specific 'given' component. It is necessary to refer to individual experience of a particular subject while solving cross-curricular problems. Pre-service science teachers know the content of one science subject well but there may be a lack of knowledge regarding other science subjects. Therefore, the aim of solving cross-curricular problems is to analyse an object or phenomenon from the point of view of different science subjects, and then gaps between the 'givens' and 'goals' appear. These gaps can be reduced through cooperative learning. Educating teachers of biology, chemistry or physics through cooperative learning should be an important component of science didactics. 4. Solving of cross-curricular problems in cooperation reveals new aspects of evaluation and self-evaluation abilities. Individual evaluation of solving cross-curricular problems is not sufficiently objective, and pre-service teachers studying only one science subject are unable to self-evaluate the results of cross-curricular problem solving, as they lack knowledge and abilities of other science subjects. Cooperative learning enhances the selfevaluation of cross-curricular problem solving by paying attention to decisions of those studying a different science subject.
